In the main text we presented results considering that the FM is at the same vertical distance from the top and the bottom bit lines ( = = 2 + 3 nm, symmetric case). As this could be difficult to implement in real devices, here we show that that this is not essential for the suggested mechanism. To do it, we compare the perfect symmetric case ( = = 2 + 3 nm), where the top and bottom bit lines are placed at the same distance from the FM strip, to the case asymmetric case ( ≠ ), where the top and bottom bit lines are also identical in shape and dimensions ( = 200 nm and = 50 nm) but their centers are at different vertical distances from the FM layer (see suppl. Fig. S1). Along the -axis, the center of the double bit line is at = −1536 nm from the center of the FM layer. The center of top (bottom) line is at ( ) = ± � ( ) + 2 � above (below) the center of the FM layer ( = 0) for the symmetric case, where = = 2 + 3 nm. Signs + and − correspond to the top (T) and bottom (B) bit lines respectively. Besides, for the asymmetric case, = 2 + 3 nm and = 2 + 15 nm. The resulting components of the Oersted field ( 0 , and 0 , ) components are shown in the right graphs of Fig. S1(a) and (b) for the symmetric and asymmetric cases respectively. A small out-of-plane component ( 0 , is observed for the asymmetric case. As in the case of the single bit line, 0 � , � reaches its
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S1. Symmetric and asymmetric double bit lines cases
In the main text we presented results considering that the FM is at the same vertical distance from the top and the bottom bit lines ( = = 2 + 3 nm, symmetric case). As this could be difficult to implement in real devices, here we show that that this is not essential for the suggested mechanism. To do it, we compare the perfect symmetric case ( = = In order to show that the nucleation proposed process is still valid for the asymmetric case, we have studied and compared the nucleation and shifting processes for the symmetric and asymmetric case by studying the same field and current pulses as in Fig. 5(a) in the main text, i. e., to write and shift a sequence of 8 bit as "101010101". The comparison of the temporal evolution of the out-of plane magnetization at points A and B clearly indicates that the dynamics, including both the DW nucleation and the displacement of nucleated DWs, is not sensitive to the asymmetric location of the bit lines (see Fig. S1 (c) and (d) for points A and B respectively).
S2. Single domain wall velocity
We 
S3. Movies of the dynamics processes of Fig. 5 in the main text
We provide two movies showing the dynamics of Fig. 5(a) and Fig. 5(b) in the main text. 
